ABSTRACT In this paper, the power control scheme is proposed in the two-tier femtocell network, where the wireless resources are shared with the macrocell and femtocell. Since the communication environment is uncertain and complex, channel state information (CSI) is imperfect. Hence, an effective power control scheme is essential to adapt to the changing communication environment. In the power control scheme, the uncertain CSI is formulated to adapt to the dynamics of the communication environment. Since the channel gain is varied with the changing communication environment, it is crucial for the power control scheme to determine the instantaneous channel gain. The fuzzy logic system (FLS) is proposed to estimate the instantaneous channel gain. The proposed scheme attempts to overcome the limitation of the existing methods which require the channel gain distribution to be assumed. The FLS can capture the dynamics of the changing channel feature using the achievable information in the communication system. Based on the estimation of dynamic channel gain, the power optimal allocation scheme can be developed to satisfy the power level constraint and the transmitting rate requirement. To implement the proposed scheme in realtime environments, an iterative algorithm is developed with a fast convergence speed. The simulation results demonstrate that the proposed scheme is more flexible with uncertain channels when compared with the existing method.
I. INTRODUCTION
The development of femtocell has recently attracted great attentions in both the academia and industry. Femtocell has emerged as one of the promising solutions to improve wireless coverage for indoor users [1] . Femtocells increase the wireless network capacity, and also provide indoor reliability and high-speed-data transmission [2] . They are effective to eliminate poor coverage zones and elevate coverage quality [3] . Femtocells are deployed within a typical macrocell coverage range, and they share the spectrum resources with the macrocell. Since femtocells are randomly deployed without a centralized cell planning, severe co-channel interference
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is generated in the coverage area between femtocells and macrocell [4] . This severe co-channel interference causes a decline of data transmission. As a result, a major challenge in femtocell deployment is to reduce the co-channel interference.
Power control strategies with interference allowance is generally used to reduce to the cross-tier interference and improve the energy efficiency of femtocell networks. In general, the power control strategy is operated based on the achieved CSI of the channel links. The power levels of femtocells and macrocell are controlled to ensure the transmission quality in the two-tier network. In the power control schemes, CSI of communication pairs is the essential information. In [5] - [7] , the power allocation schemes that are used to reduce the interference based on the perfect CSI. In [5] , a secure transmission scheme based on the perfect channel is investigated for a downlink two-tier femtocell network system, where a joint subchannel and power allocation is proposed to realize secure transmission. In [6] , a centralized user-centric merge-and-split coalition formation game is proposed, where it is possible to estimate inter-user interference. The resource allocation is based on the conflict-graph in the ultradense networks, which is established according to the partition of the network. In [7] , a resource allocation scheme for orthogonal frequency division multiple access (OFDMA) is proposed in the femtocell. The total capacity of all femtocell users is maximized, where the quality-of-service (QoS) and cotier/cross-tier interference are considered. There are other works of power allocation based on the perfect CSI in [3] , [8] , and [9] .
In [10] - [13] , the probability distribution of channel is assumed to be available and the power allocation schemes are presented. Specially, in [10] , a hierarchical power control algorithm in two-tier heterogeneous network is proposed to reduce the interference effect. Two types of channel distribution are considered. The first channel gain includes path loss and the shadowing; the second channel includes path loss, the shadowing and the fast fading with Rayleigh distribution; it adopts the Fenton-Wilkinson method to approximate the lognormal interference. In [11] , the power allocation approach is proposed for the two-tier femtocell network, and the power allocation problem is formulated based on the bounded outage probability in each cell. The channel gain features [11] consists of path loss, shadowing and Rayleigh distribution. The optimization problem is formulated to a convex problem. In [12] , an energy-efficient resource allocation problem is proposed in orthogonal frequency division multiplexing (OFDM) network. The resource allocation is conducted under the service quality requirements, total power, and probabilistic interference constraint. In [13] , the approach for joint beamforming and power control is proposed in a multiuser multi-input single-output network, and the statistical information of channel distribution is utilized, where the channel distribution is only included with the Rayleigh fading. Other manners of channel distribution are addressed in [9] and [14] - [16] .
Independence of the known distribution and the channel gain are also investigated based on the sum of the nominal value and the uncertainty. In [2] , the scheme of robust resource allocation is proposed to maximize the throughput in the OFDMA femtocell network, while the joint subchannel and power allocation is adopted to avoid the severe inter-tier interference. In [17] , the robust precoder design is proposed for two-way relaying in a cognitive radio network which is involved with interference constraints and imperfect CSI. The channel uncertainty is estimated through spherical uncertain regions. In [18] , a cognitive radio network is proposed with a multiple-input single-output secondary transmitter which attempts to send confidential messages to its receiver in the presence with unknown eavesdroppers. The interference to primary users is controlled under a given threshold, and the channel uncertainty is bounded by an ellipsoid bound and a probabilistic part. In [19] , the robust energy efficiency maximization problem is proposed in the cognitive radio networks, which the channel lies in some bounded uncertain region. The fractional programming is adopted to solve the proposed problem, where quality-of service is guaranteed under parameters' uncertainties. Since the probability is handled with the parameter uncertain with much Conservatism [20] , the effective method should be given. To determine the dynamic channel gain, the intelligent algorithms are incorporated with fuzzy sets to deal with uncertain information [21] - [24] .
The previous approaches are developed for three types of channel models. The first type is the perfect channel, the second type requires the assumption of a known probability distribution probability distribution, and the third type is the hybrid version of the first and second types, i. e. one part is the estimation or the mean value of the channel, and the other part is the uncertain channel with a bounded set or a known distribution. The perfect channel is developed for the ideal environment, which is not practice. The second type of channel model relies on the statistical information of the channel, and it is a static value with much conservatism. The third model inherits the former two models, but, it also inherits their disadvantages, which reply on the estimated bound and the assumption of the channel distribution. For that the upper of bounded set and the distribution of channel fluctuation are difficult to achieve, it is also conservative for its static quality. The above channel models behave the limited range of application and too conservative. We consider a way that take the available information of network system to capture the uncertain channel gain. FLS is proposed to infer and estimate the instantaneous channel gain, since FLS requires small computation and behaves strong robustness. The assumption of channel distribution is not required. The CSI can be achieved based on the available communication information, including the transmitting power, SINR and received-signal-strength-indicator (RSSI). The power allocation problem is formulated by satisfying with the maximum power constraint and the requirement of transmitting rate. The main contributions of the paper are summarized as follows.
1) The proposed scheme is robust for the dynamic channel gains. When the communication environment changed, the power allocation can timely adjust according to the instantaneous CSI estimated by the proposed FLS. It estimates the instantaneous channel state using fuzzy inference, instead of the harsh assumption that the features of channel gains are known in advance.
2) Some available information of each user are used in the fuzzy logic system to estimate the channel state, and there is no extra overhead of message exchange. The proposed scheme is flexible and more appropriate to the dynamic communication environment. The proposed robust power allocation scheme not only minimizes the power, but also guarantees the quality of service of each user; the admission control is adopted to guarantee the performance of the VOLUME 7, 2019 communication system; the successive convex approximation (SCA) method based on logarithmic approximation is adopted to transform the original nonconvex problem into a convex form and the Lagrangian decomposition is used to solve the optimization problem.
The rest of the paper is organized as follows: In Section II, the system model is given and the optimization problem is formulated. In Section III, the FLS is introduced and the channel dynamics are estimated by FLS. The iterative algorithm is proposed in Section IV. In Section V, the performance of the proposed power allocation scheme is evaluated by simulations. Finally, the conclusions are drawn in Section VI.
II. SYSTEM MODEL AND PROBLEM FORMULATION A. SYSTEM MODEL
As shown in Fig. 1 , we consider a two-tier femtocell network consists of a macrocell and n femtocells. Frequency bands can be shared by all users in the n + 1 cells. Users can share the same subcarrier with others in the same time. A macro user is served by the macrocell base station (MBS) in the macrocell, meanwhile, one user is served by femtocell base station (FBS) in each femtocell. 1 For the simplicity, the macrocell user is denoted as user 0, and the femtocell user is denoted as user i, i = 1, 2, · · · , n. The system consists of one MBS and n FBSs. Denote N as the user set, where N = {0, 1, 2, · · · , n}. The MBS and FBSs are located at the center of their own cells, which serve each different regions. The serving radius 1 It is noted that the case that there are multiple users in each cell can be converted to this simple scenario. For instance, with OFDM technique, the subcarrier allocation scheme can be used to get that there is no interference among different channels. In this case, n users share the same subcarrier and there are n cells where there each cell is only occupied by one user. of MBS is R, and the serving radius of FBSs is r. Denote g i.j (i, j ⊆ N ) as the channel gain from user j to BS i. The uplink transmission is considered in the two-tier network system. The combining features of slow fading and fast fading are considered in this paper. The channel gain is estimated by the FLS, which is detailed in next section.
In the two-tier femtocell network, macro users and femtocell users collectively distribute their transmission power in order to guarantee the communication quality of every cell. To reflect the system quality, the transmitting rate of each user is used. R i is denoted as the rate of FBS i and γ i is denoted as the SINR at the FBS i, where γ i is given as
the received signal at the FBS i is
and
where η is the system efficiency, and B is the carrier frequency bandwidth. N j=0,j =i p j g i,j is the co-channel interference from other users, and δ 2 is the background noise. The minimal desired rate in cell i is R i * . To ensure the ideal service quality in each cell, R i has to more than R i * , which is given as
Therefore, with the objective of energy saving, the optimal power allocation problem of each user can be formulated as (5) in order to minimize the overall energy.
where p i,max is the upper bound of transmitting power of user i. When the uncertainties of the channel gains are considered, we formulate channel gain as g = g + g . The term of g is the basic value of channel gain, and g is the fluctuation of channel gain. g is a dynamic channel model which is contaminated with uncertainty. Usually, the uncertainty of the quality is handled with probability or region constraint. Previous approaches use the probability to address the uncertain CSI. However, those approaches rely on the strict assumption of the uncertainty distribution and they belong to the static estimation based on statistical property. To overcome the limitation of the existing approaches, fuzzy logic is proposed to estimate the instantaneous channel gain, which only relies on some relevant information of users such as power level, RSSI (received signal strength indication), achieved rate or SINR. It is unnecessary to know the precise relationship between input information and the expected value. Meanwhile, the RSSI, SINR and transmitting power are sufficient to determine channel gain by FLS. Hence, the established inference system can model the unknown relationship between the measured data and the changing channel gain.
III. TRANSFORMATION OF CONSTRAINT AND OBJECTIVE FUNCTION A. FUZZY LOGIC SYSTEM
Fuzzy logic simulates the logic of human thought, and it is much less rigid than the precise modeling. Since many unique characteristics exist in Fuzzy Logic, Fuzzy Logic is an effective approach for many applications. It is robust since it does not rely on precise model. Fuzzy logic uses the fuzzy sets to interpret the information, and each set represents a linguistic term such ''small'', ''moderate'' etc. Fuzzy sets use the partial membership to indicate the loyalty of an element. The degree of loyalty is generally referred to the membership value from 0 to 1, where 1 indicates a full membership and 0 indicates a nonmembership. Generally, a fuzzy set A is defined by the membership function, where U is the universe.
For each u ⊆ U , its grade of membership to A is given by µ A (u). Triangular, trapezoidal, PI, and Gaussian functions can be used as the membership functions. In this article, triangular and trapezoidal functions are used since their computational complexities are relatively simpler comparing with the other fuzzy membership functions.
Remark 1:
The triangular membership functions outperforms other membership functions, when different membership are used to analyze the stability of fuzzy power system [25] . The triangle membership functions are effective to control the sensitive position [26] . In [27] , the triangular membership functions are effective to reduce steady state error in speed response compared other membership functions. Different membership functions have a little diversity on the estimation result, when they are used to take the experiments. Therefore, the triangular membership functions is adopted in this paper.
A fuzzy system basically consists of fuzzifier, inference engine and defuzzifier. The fuzzfier converts each crisp input value into the corresponding fuzzy sets. After the conversion, the crisp value is changed into a degree of membership. Then, the fuzzified values can be processed by the inference engine, which consists of a rule base and various methods for inferring the rules. The rule base is made up of a series of IF-THEN rules, which map the input fuzzy variables to the output fuzzy linguistic variables. There are two parts in a fuzzy rule, where the left hand side is called predicate, and the right hand side to the ''THEN'' is referred to as consequent. All the rules that in the rule-base are executed in a parallel way by the fuzzy inference engine. The defuzzifier performs defuzzification which maps fuzzy numbers to crisp numbers. Generally, there are many defuzzification methods, such as, centroid, composite mass, composite maximum, etc.
Experiments prove that they have a little diversity on the estimated result, so the centroid is used as the defuzzification for simplicity.
B. THE CHANNEL ESTIMATION BY FUZZY LOGIC SYSTEM
To determine the instantaneous channel gain g, a feasible FLS is developed in this section. Each user in the network gets the instantaneous channel gain through the FLS. The FLS inputs are: the last transmit power (LTP), the RSSI, and SINR. The channel gain is determined based on the fuzzy if-then mapping rules. The fuzzy inference system is shown in Fig. 2 . In the FLS, there is only one output fuzzy variable, namely channel gain, which indicates the gain between user and its own station. Figure. 3 illustrates the input fuzzy variable, namely Transmission power, which indicates the communication energy that the user spent to communicate with its own base station in last step. Figure. 4 illustrates another input variable, namely RSSI, which reflects the signal strength that the user receives. RSSI is relevant to the receiver resolution and the transmitting rate. Figure. 5 illustrates the input variable SINR, which can be used to represent the of transmitting signal and the noise including the background noise and the co-channel interference from other users. The rule base consists of 5 × 6 × 5 = 150 rules. Obviously, the estimated channel gain is relevant to power, SINR and RSSI. For example, when RSSI and SINR are big, and the power is small, the gain is big. When RSSI and SINR are small, and the power is big, the gain is small. According to the relationship between gain and power, RSSI and SINR, the channel gain is estimated by FLS based on the information of power, RSSI and SINR.
The input of the transmitting power is divided into 6 membership functions, it is available information in the communication system.
The input of the RSSI consists of 5 membership functions, where the RSSI can be measured at the specific field of the data package in the communication system. The RSSI depends on the resolution of hardware of receiver and it represents the strength of the received signal. Hence, the RSSI includes the signal attenuation information.
The input of the SINR consists 5 membership functions, which can be measured or computed indirectly. The signal and interference from the background and the other users are included in SINR. Figure. 6 is the output fuzzy variable (channel gain), which consists of 7 membership functions. The channel gain is assigned to each user and its own base station. It effects the performance of communication quality and it is necessary to be included in the power control algorithm. In the FLS, the domains of all the input fuzzy variables are selected based on the communication environment. The MinMax inference technique is used in FLS. Since the objective is to achieve a precise value of channel gain, the Centroid Defuzzification method is used in the FLS. The centroid defuzzification computes the weighted mean of the fuzzy region and it determines the balance point of the solution fuzzy region. The crisp output domain value G, is given by
where W i is the weight value corresponding to rule i, µ A (U i ) is the predicate truth for that domain value, and m is the number of inference rules in the fuzzy engine. Based on the fuzzy rules in Appendix A, the fuzzy logic system can be established in a three-dimensional space in Fig. 7 .
IV. ITERATIVE ALGORITHM
The FLS can be used to generate the instantaneous channel gain. The channel gain is crucial for the solving problem (5). However, problem (5) is nonconvex, since the Hessian matrix is not positive semi-definite. Obviously, the global optimum is difficult to be found for problem (5) . In [28] , the successive convex approximation was used to convert the nonconvex problem into convex problem. According to the convex optimization theory [16] , the problem that satisfies the Karush-Kuhn-Tucker (KKT) conditions, which is the optimal solution of the convex programming. Then (5) is reformulated as problem (8) . 
log 2 (γ i ) can be elaborated as
where a = log 2 e. The log-sum-exp is concave, because it consists of linear and concave terms. So, the− log 2 (γ i ) is convex.
The SCA based on logarithmic approximation is given as follows.
The Lagrangian function where, λ = [λ 0 , · · · , λ n ]. The KKT conditions of problem (9) can be elaborated as
To solve the primary optimization problem (9), the dual decomposition method is adopted, and the dual problem can be formulated as follows.
Then, we use the gradient descent method to update dual variable λ i .
where
, ε is the step-size, and k is the iteration number. Each λ i is updated. Then, we can solve the inner dual minimization by searching the optimal solution of (11) with respect to p, when λ is fixed.
Based on (15), we can obtain the optimal solution.
The partial derivative can be transformed into p-space with the substitution of p i = e p i . The power iteration can be obtained with the updated multiplier λ k+1 i
.
). (17) Note that p * i ⊆ [0, p i,max ] is another constraint for the power in (5) . If the optimal solution cannot satisfy the constraint, the power is not feasible. To satisfy the constraint, the admission control is adopted, The admission control attempts to remove some femtocell users based on predefined criterion, such as maximum interference criterion or minimum throughput criterion [11] , [32] . Since the transmitting rate is used as the performance index in this paper, the latter criterion is used in the admission control algorithm.
The flow of the algorithm is illustrated in Fig. 8 . The pseudo codes of the power control and admission control are given as follows. , according to (14) . 5 Update the power p k+1 i according to (18) . ← p * , go to step 3. 13 Else go to step 14. 14 End.
Algorithm 2 Distributed Algorithm of Power Control and Admission Control
Remark 5: Above all, when the CSI is estimated by the proposed FLS, only the local information is needed, such as, the number of users, the number of BSs, rather than the global information. Second, when the power allocation is conducted, the relevant information is enough, rather than the global information.
Remark 6: The power allocation is conducted based on the channel estimation estimated by the FLS. Firstly, when the number of FBSs and changed in a certain range, the FLS can also estimates the channel gain well. Secondly, when the channel gain is fluctuant in the slow and fast fading situation, it can also works. Finally, the power allocation can also work well when the number of users and the channel gain are changed. So, the power allocation is robust.
V. PERFORMANCE EVALUATION
In this section, simulations are used to evaluate the performance of the proposed power control scheme, where the system consists of one macrocell and 9 femtocells which are illustrated in Fig. 9 . The coordinates of both of the users and base stations are listed in the Table 1 . The relevant parameters are given as, p 0,max = 2W [11] , p i,max = 200mW [11] , [33] , δ 2 = 10 −6 [11] , R * 0 = 1200(kbps), R * 1 = 1000(kbps), R * 2 = 1000(kbps), R * 3 = 1000(kbps), R * 4 = 1000(kbps), R * 5 = 1000(kbps), R * 6 = 1000(kbps), R * 7 = 1000(kbps), R * 8 = 1000(kbps), R * 9 = 1000(kbps), η = 0.5 [15] , and B = 2MHz. In [34] , the SINR threshold is 0.001 (−30db). To guarantee a higher quality of service, the SINR threshold is 1 in femtocells, and the SINR threshold is more than 1 in macrocell. When the system efficiency η = 0.5 and he carrier frequency bandwidth B = 2MHz, the rate threshold is 1000(kbps) according to R i = ηB log 2 (1 + γ i ). In [7] , the bandwidth B = 10MHz. In [1] , the bandwidth B = 360kHz. According to R i = ηB log 2 (1 + γ i ), the rate is linear with the bandwidth. In this paper, the bandwidth is selected as B = 2MHz. Of course, it can also selected bigger or smaller.
We evaluate the estimation performance, where the channel gain distributions are unknown and the channel gain is instantaneous and time-varying. The FLS is used to estimate the instantaneous signal links gain. The path loss is considered in the basic value g, g = kd −α . g is the fluctuation for rayleigh. The basic value g is related to distance. When the distance is large, the basic value g is big; when the distance is small, the basic value g is large. The fluctuation g is random. The g consists of g and g , which is suitable for the dynamic communication environments. The slowly and fast changing situations are considered in this paper. In the slowly changing environments, the major changing is sine effect. In the fast changing environments, the random changing is the major factor. The two scenarios are used to evaluate the performance of the proposed FLS and the results are shown in Fig. 10 and Fig. 11 , respectively. . 10 shows the inference value of the channel gain and the standard channel gain, where the standard channel is operated in the slow fading environment without the knowledge of channel distribution. Fig. 10 shows that the estimation result is satisfactory. Fig. 11 shows the inference result, where the fast fading channel environment is considered. Similarly, we can determine the channel gain based on the established FLS which can effectively track the instantaneous channel, although the channel changed quickly with respect to the time.
Remark 7: It is worth to mention that the channel estimation is practical, because the numbers of FBSs and FUEs are unknown when we measure or compute the input variables (RSSI, SINR, power). Therefore, the number of FBSs and FUEs does not influence the estimation.
Next, we evaluate the performance of the power control algorithm when the mobile network is operated in dynamic communication environment. Extensive simulations are conducted and some interested performance indexes are used to evaluate the proposed algorithm in a dynamic setting. For the proposed scheme with unknown channel gain distributions, Fig. 12 shows the performance of the iterative algorithm when different transmission power level p k i are used. The results show that the iterative algorithm can converge in approximately 5 iterations. These results indicate that the proposed Lagrange method is effective. To illustrate the effectiveness of the power control, the average throughput of each user is shown in Fig. 13 when the optimal power is used. We can find that the throughput of all users can be guaranteed when the mobile network is operated in the dynamic environment. Obviously, the throughput of each user is different, but the throughput of each user FIGURE 13. The throughput for each user. VOLUME 7, 2019 is more than 1000kbps. Since we preferentially protect the service quality of macro users in our proposed scheme, this results show that the performance of macro user can be guaranteed. Meanwhile, the throughput of most femtocell users is large, except user 2 and user 3. Although the throughput of the second and the third user is less than other users, they also achieve the minimum requirement of the throughput. Fig. 14 shows the comparison between admission control and not admission control. When the number of femtocells increases 10, the throughput of some users will be less than 1000kbps which is the least throughput requirement. This phenomenon reflects that the users cannot survive together under the least throughput requirement. However, after removal, the rest users can survive together. Meanwhile, the throughput of the rest user will be larger after removal. So, the admission control is a good way to solve the problem of not survive together. We compare the performance of the proposed FLS with the existing method [15] . When the channel is operated in a special distribution. Fig. 15 and Fig. 16 show the power iterations and the throughput after convergence respectively. Firstly, the rate of convergence is much less than the proposed FLS, where it is converged after around 17 iterations. Secondly, the power which is used for the convergence is much more than the proposed FLS. Since it is crucial to minimize the power, the proposed method is more effective when the QoS of each user is required to be guaranteed.
The results show that, the throughput of some users are larger than the proposed scheme, but more power is required for the throughput. Then we study the energy efficiency. The energy efficiency of the distribution channel is 2.1983 × 10 5 kbps/W which is computed in (18) , and the energy efficiency of the proposed FLS is 3.2021 × 10 5 kbps/W which is computed in (19) . Therefore, the energy efficiency of the existing method is less than the proposed FLS. 
Second, we compare the performance of the worst-case and the proposed FLS. Fig. 17 and Fig. 18 show the power iterations of worst-case and the throughput of two schemes, respectively.
The results show that the throughput of convergence and the power level are almost same. However, the throughput of each user is less than that of the proposed algorithm. Since the worst-case is conservative, the QoS of each user is declined.
The performance of the proposed FLS, the existing method [15] and the worst case is compared in terms of power consumption, the average energy efficiency and convergence rate. According to the above description, the comparison results are summarized in the Table 2 . It is found that the proposed scheme based FLS is capable to achieve better performance comparing with the existing methods. Especially, the energy efficiency is higher than the worst-case and the robust power control algorithm [15] . The main reasons are that the proposed FLS can capture the changing channel gains, which are essential for power control algorithms. Since the worst-case scheme always regards the worst channel state to be occurred, the high energy consumption is required.
Since the robust power control scheme utilizes the statistical property of channel gains to determine the transmitting power, dynamic information is not required. Hence, relatively low achieving rates can be achieved. These two kinds of power control algorithms are low energy efficiency.
The total power for the proposed FLS, worst-case and probability distribution is shown in Fig. 19. Form Fig. 19 , it can be clearly observed that the total power of probability distribution is more than the proposed FLS; the total power of worst case is almost the same with the proposed FLS. However, from Fig. 18 , the throughput of the worst-case is less than the proposed FLS. Then the proposed FLS is effective and practical for the dynamic communication environments.
VI. CONCLUSION
In this paper, an effective power control scheme has been proposed to guarantee the performance of the two-tier network systems where the energy efficiency and requirement of minimal transmitting rate can be guaranteed. The power control scheme is based on the instantaneous channels which are estimated based on the proposed fuzzy inferring system. In this scheme, the imperfect CSI is considered in signal link. When the distribution of channel gain is an unknown, the FLS is capable to estimate the channel gain with better precision. The SCA method is adopted to transform the original nonconvex problem into a convex form. Also a distributed iterative algorithm is proposed to obtain the optimal power allocation. The simulation results show that the proposed scheme is effective for two-tier network systems which are operated in different scenarios. The results also show that the proposed scheme is more flexible and practical in dynamic communication environment, when comparing with the existing method. 
